Science of the Total Environment 615 (2018) 1364-1378

Contents lists available at ScienceDirect

Science orre
Total Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Assessment of urban green space structures and their quality from a
multidimensional perspective

@ CrossMark

Benjamin Daniels *, Barbara S. Zaunbrecher ®, Bastian Paas ¢, Richard Ottermanns ?,
Martina Ziefle ®, Martina RoR-Nickoll @
@ Institute for Environmental Research, RWTH Aachen University, Worringerweg 1, 52074 Aachen, Germany

> Human-Computer Interaction Center, Chair for Communication Science, RWTH Aachen University, Campus Boulevard 57, 52074 Aachen, Germany
¢ Physical Geography and Climatology, RWTH Aachen University, Templergraben 55, 52056 Aachen, Germany

HIGHLIGHTS

Compact green cities require multifunc-
tional open spaces.

Development of a multidimensional in-
dicator set to assess urban green spaces.
Empirical study on the perception of
park structure by citizens.

Need to differentiate artificial and natu-
ral elements in urban green spaces.
Findings can be integrated into a higher-
scale assessment and planning of cities.

ARTICLE INFO

Article history:

Received 9 June 2017

Received in revised form 15 September 2017
Accepted 16 September 2017

Available online xxxx

Editor: D. Barcelo

Keywords:

Multidimensional assessment
Urban green spaces

Ecosystem functions and services
Public perception

Habitat structure

* Corresponding author.

GRAPHICAL ABSTRACT

Green spaces within urban environments

Multitude e @
e - g Multidimensional
of functions P 'aseesament
Habitat:
animals & plants
Ecological
processes Ecological
Al quality Recreation A
Microciimate Sense of place

nu g \w/

»

(/{1»//{“4 [ Greenstructure 5 ‘ . \
o LN

elements

ABSTRACT

Facing the growing amount of people living in cities and, at the same time, the need for a compact and sustainable
urban development to mitigate urban sprawl, it becomes increasingly important that green spaces in compact
cities are designed to meet the various needs within an urban environment. Urban green spaces have a multitude
of functions: Maintaining ecological processes and resulting services, e.g. providing habitat for animals and
plants, providing a beneficial city microclimate as well as recreational space for citizens. Regarding these require-
ments, currently existing assessment procedures for green spaces have some major shortcomings, which are
discussed in this paper.

It is argued why a more detailed spatial level as well as a distinction between natural and artificial varieties of
structural elements is justified and needed and how the assessment of urban green spaces benefits from the mul-
tidimensional perspective that is applied. By analyzing a selection of structural elements from an ecological, mi-
croclimatic and social perspective, indicator values are derived and a new, holistic metrics' is proposed. The
results of the integrated analysis led to two major findings: first, that for some elements, the evaluation differs
to a great extent between the different perspectives (disciplines) and second, that natural and artificial varieties
are, in most cases, evaluated considerably different from each other. The differences between the perspectives
call for an integrative planning policy which acknowledges the varying contribution of a structural element to dif-
ferent purposes (ecological, microclimatic, social) as well as a discussion about the prioritization of those

E-mail address: benjamin.daniels@bio5.rwth-aachen.de (B. Daniels).
1 The term metrics is derived from the Greek word peTpuséc and is used in this paper as the comprehensive compilation of a set of indicators (ecological, microclimatic, and social). Note
that the three indicator values are not weighed or mathematically combined to a global indicator, but represent a space in which all parameters are used in their original way to be used for

an interdisciplinary assessment of urban green spaces.
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purposes. The differences in the evaluation of natural vs. artificial elements verify the assumption that indicators
which consider only generic elements fail to account for those refinements and are thus less suitable for planning

and assessment purposes.

Implications, challenges and scenarios for the application of such a metrics are finally discussed.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Rapid global development of urban systems causes need to mitigate
urban sprawl by designing compact and multifunctional cities. Compact
cities, in this sense, refer to urban landscapes which are densely popu-
lated and provide functions for their citizens in compact, dense areas
to avoid urban sprawl. The term compact green cities highlights the im-
portance of sustainable use of resources, enhancement of mobility and
reduction of city-specific particulate emissions within those cities
(Stevenson et al., 2016). The term green, however, comprises also the
provision of open green spaces in a city, i.e. free spaces with a significant
coverage of intended vegetation (such as public parks and recreation
areas).

Green spaces play a key role in the development of compact green
cities by providing a variety of ecosystem functions and services. This
makes green spaces valuable from a variety of perspectives: from the
microclimatic point of view, they contribute to a balanced city climate
(Bowler et al., 2010) and affect the local concentrations and distribution
of air pollutants such as particulate matter (Litschke and Kuttler, 2008;
Janhdll, 2015), ozone and its major anthropogenic precursors, volatile
organic compounds (VOCs) and oxides of nitrogen (e.g., Sillman,
2002; Calfapietra et al., 2013). From an ecological perspective, they
can provide habitable space for plants and animals (Nielsen et al.,
2014; Farinha-Marques et al., 2011) as a basis to maintain and preserve
basic ecological properties and processes (Mace et al., 2012; Geslin et al,,
2013). From a social point of view, they provide functions to city
dwellers in the form of meeting points and places to relax and to recre-
ate (Peters et al.,, 2010). Furthermore, it was shown that urban green
spaces have a positive impact on health and wellbeing (Nielsen and
Hansen, 2007; Richardson and Mitchell, 2010).

For dense cities, it is therefore of particular importance to efficiently
use the few open spaces (Jim, 2004) by designing urban green spaces in
terms of ecological, climatic, and social considerations at the same time
(Gill et al., 2007). This will increase the multifunctionality of a site and
promote sustainable urbanization which is a basic prerequisite for the
concept of compact green cities (Nass, 1995).

For the design of urban green spaces according to ecological, climatic
and social criteria, adequate indicators and assessment strategies are
needed which reflect the multifaceted functions urban green spaces ful-
fill (Mortberg et al., 2017). Up to now decision-making in practical man-
agement is mostly based on cost and aesthetic considerations (Beer et
al,, 2003) but less on ecological or climatic criteria.

The aims of this research are (1) to identify gaps and challenges in
urban green space assessment and (2) to develop a truly quantitative
methodology for multidimensional, indicator-based assessment based
on structural elements in urban green spaces. Furthermore, we aim
(3) to provide a sample application as a proof of concept for the devel-
oped assessment approach and (4) to discuss the implications, chal-
lenges and application contexts within future planning procedures.

With regard to these aims the resulting novelties are:

(1) A brief overview that acquires insights about current gaps and
challenges in urban green space assessment. We will review
the shortcomings and explain how our approach addresses
these gaps.

(2) A combined methodology in which urban green spaces are
assessed from three different, but very important perspectives

at the same time using an integrative approach. The underlying
idea of the joint approach is to treat all perspectives as equally
important and to combine them within one frame of references
in order to make different assessment results visible. An
empirical study to assess citizens' perceptions and preferences,
the multidimensional indicator set and its development are
presented.
(3) A way to quantify the multidimensional benefits of urban green
spaces within a novel, holistic metrics on a local small-scale
level. Such an assessment has not been conducted quantitatively
in the literature so far, although there might be an understanding
from planners' perspective that multiple factors need to be taken
into account.
Knowledge about the applicability of the indicator set taking se-
lected structural elements of urban green spaces as examples.
Differences in the valuation of structural elements by various sci-
entific perspectives are identified.

(4

~

The outcome provides a common ground for specific discussion
about trade-offs and synergies in planning procedures of such urban
green space in the future.

1.1. Gaps and challenges in urban green space assessment

To develop livable compact and green cities, indicators are required
that assess the quality of urban green spaces and serve as planning tools
in the future. Based on a review of current indicators and evaluation
procedures, three gaps in research and/or management procedures
were identified. The first gap refers to the spatial level of current assess-
ment indicators, the second to the unidimensionality of the assessment
and the third to the generic treatment of structural elements.

1.1.1. Gap 1: spatial level of detail of urban green spaces in assessment
procedures

Green space assessment, decision making and maintenance in cities
and municipalities is based more and more on ecosystem services as-
sessment approaches (Niemela et al., 2010; Hansen et al., 2015). The
concept of ecosystem functions and services can help to improve
existing green spaces or create new ones within a city (Konijnendijk
et al,, 2013). However, assessments of ecosystem services in an urban
environment are mostly conducted on a landscape-level rather than
on a local site-scale (Dennis and James, 2016; Haase et al., 2012). Espe-
cially with regard to the overall accepted aim to mitigate urban sprawl
for economical, climatological and ecological reasons (Stone et al.,
2010; Sushinsky et al.,, 2013; Whitmee et al.,, 2015), it is of particular rel-
evance to focus on the specific, small-scale design and characteristics of
the few open spaces. Therefore, a local scale perspective with high spa-
tial resolution needs to be adopted. Because often ecological properties
and processes can only be recognized and assessed on a small-scale
level, it is indispensable to focus on single structural vegetative units
or habitats (Lovett et al., 2005).

Urban research has been conducted on small-scale habitat structures
before (e.g., Voigt et al.,, 2014; Lehmann et al., 2014; Byrne, 2007), con-
sidering structural diversity with regard to single functions (e.g., recre-
ational services, microclimate effects or urban soil ecology) of green
spaces. However, there is still a lack of knowledge regarding a
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multidimensional evaluation on this site-scale level and a test of its
applicability. Therefore, the presented assessment approach of this
paper aims at a local scale level.

1.1.2. Gap 2: dimensions and categories of evaluation in green space assess-
ment - the need for a multidimensional assessment

It has been acknowledged that urban green spaces provide a variety
of services to urban areas and that research on those spaces therefore
requires multidimensional efforts (James et al., 2009; Luederitz et al.,
2015). This is important because elements with a low ecological value
might be rated high from a microclimatic or social perspective. This
way, elements which would be dismissed on the basis of current indica-
tors can thus be appropriately valued. Although the need for a multidi-
mensional perspective is widely acknowledged and accepted (Balram
and Dragicevic, 2005; Borgstrom et al., 2006; De Ridder et al., 2004), it
is still not realized in many assessment procedures. Current indicators
(e.g., the percentage of green areas, percentage of sealed soil, green vol-
ume) used in the assessment of urban green spaces often imply single
functions or services, and thus evaluate urban green spaces in a unidi-
mensional manner (Grunewald and Bastian, 2015). In practice, there
is still the challenge of capturing, operationalizing, and measuring func-
tions and services from different disciplinary perspectives in a joint ap-
proach (Luederitz et al., 2015).

O'Sullivan et al. (2017) exemplify such an approach by characteriz-
ing different tree species in terms of several ecosystem services (e.g.,
air quality and biodiversity value). However, an aesthetic function is
not covered by their approach, although including social parameters
in the set of indicators can further enhance efforts of planning of
urban green spaces according to public needs and wishes (Wilker et
al,, 2016), in the way that citizens' preferences for single structural ele-
ments are systematically assessed.

On the other hand, studies on perception of urban green spaces by
citizens have already been conducted (Todorova et al., 2004; Sanesi
and Chiarello, 2006; Shackleton and Blair, 2013) showing that there is
conflicting evidence regarding people’s attitude towards natural or arti-
ficial design, but also that the specific design of urban spaces, artificial or
natural, is a pressing question. These studies, however, did not incorpo-
rate ecological and microclimatic aspects of the studied sites.

Integrating social parameters in urban green space assessments pro-
vides a way of equitable citizen participation next to, e.g., ecological
considerations in urban green management. The necessity of including
the social perspective in terms of citizen participation is stressed by
Balram and Dragicevic (2005) and provides an opportunity to address
the mismatch between experts' and laypeople's perspectives on ecosys-
tems (Garritt, 2006; Lazo et al., 1999; Bonnes et al., 2007; Hofmann et
al, 2012).

These opposing preferences present a difficulty for the sustainable
implementation of nature-conservation policies (Harrison et al., 1998;
Bonnes et al., 2007), as policies introduced by experts may lack support
by urban dwellers which are mostly laypeople. An integration of the cit-
izen perspective is thus all the more important to design urban green
spaces with the citizens rather than for them in a top-down manner
(Gross, 2007; Zaunbrecher and Ziefle, 2016). By this, not only livable
and socially valued urban green spaces are provided, but also the aware-
ness of laypeople for the importance of sustainable urban green spaces
in general is increased.

There is a large strand of research which connects at least two of the
three parameters (ecological, microclimatic and social) in the context of
urban green spaces. However, the research undertaken had another
focus and aim than the indicator set which is developed and argued
later in this paper.

On the one hand, there were approaches in which a social factor in the
context of urban green spaces (Nielsen and Hansen, 2007; Peters et al.,
2010; Sanesi and Chiarello, 2006) was combined with either a planning
(Baycan-Levent and Nijkamp, 2009; Gobster et al., 2007), an ecological
(Meacham et al., 2016; Arnberger and Eder, 2012) or a microclimatic

perspective (Cohen et al., 2012; Mahmoud, 2011). To the best of our
knowledge, in none of the papers all three parameters - social, ecological
and microclimatic - have been combined, in particular not on the
level of single structural elements (cf. Gap 1). In addition, most of
this research takes an explanatory approach of the factors examined,
investigating either the influence of urban green spaces on social
parameters (urban green spaces as explanans, e.g., Hegetschweiler
et al., 2017; van Herzele and Wiedemann, 2003; Mambretti et al.,
2005) or on attitudes and perceptions of residents towards urban
green areas (urban green spaces as explanandum, e.g., Bertram and
Rehdanz, 2015; Balram and Dragicevic, 2005). What is missing is a
neutral metrics or methodology for planners, with which they are
able to describe and evaluate a given area taking different
perspectives into account, without the need of explaining the
interconnection between the factors. This is the novel idea of this
paper - to contribute to a metrics which allows describing urban
green spaces out of the three major perspectives in an equitable way.

1.1.3. Gap 3: assessment of the ecological quality of a site (artificial vs.
natural)

The current numerical assessment procedures of habitats and land-
scapes take different land cover types and biotopes into account in a ge-
neric manner (Biedermann et al., 2008; Burkhard et al., 2009). This
means that no differentiation is made within the respective categories
or elements (e.g. trees, hedges, lawns etc.) on a site-scale approach.

Recently, Mortberg et al. (2017) conducted a study in which ecosys-
tem services are analyzed in conjunction with accessibility and urban
planning. While presenting an example for a valuable, integrated ap-
proach to ecosystem services, the specific green areas considered are
not analyzed in more detail, i.e. with regard to their ecological quality.

Similarly, while in Voigt et al. (2014) a multidimensional approach
to urban green spaces is taken on the level of single structural elements,
these elements are not differentiated according to their quality (artifi-
cial or natural).

A classification which considers only generic elements (like “hedge”
or “tree”), however, fails to account for diversity in ecosystem services
provided by different instances of the same element, e.g. a near-natural
and a trimmed hedge or different species of the same element
(O'Sullivan et al., 2017). Furthermore, very generalized indicators pro-
vide only vague guidelines with regard to the design of urban green
spaces, since they only indicate which element is referred to but not in
which variety or quality this should be implemented. The distinction be-
tween natural and artificial instances is not only relevant from a plan-
ners', but also from laypeoples' perspectives (Hofmann et al., 2012;
Jankovska et al., 2010; Jim and Chen, 2006; Southon et al., 2017). The in-
novative approach of the indicator set which is developed in this work is
therefore the explicit distinction between natural and artificial in-
stances of structural elements.

1.2. Questions addressed and logic of procedure

The review of indicators and assessments used in the context of
urban green spaces has revealed three major gaps and challenges that
will be addressed in this paper.

The challenge of analyses on a site-scale (see gap 1) will be ad-
dressed by a comprehensive analysis of structural elements in urban
green spaces. This local site-scale approach allows evaluation of single
components in a green space rather than whole landscapes, which is a
prerequisite to assess and compare different green sites and their design
in a bottom-up approach within a holistic model.

The underlying concept of the framework is adapted from numerical
valuation of biotopes in national (or rather regional) evaluation
schemata to quantify compensation measures, which is used in various
nature conservation and landscape management procedures
(Biedermann et al., 2008; Hetzel et al., 2014). The valuation of ecological
functions on a biotope-level to assess and compare the quality of nature
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has a long tradition in landscape ecology. Already in 1991, Ludwig and
Meinig developed a systematic, numerical method for the valuation of
biotope-types. This approach rates biotopes according to the criteria
naturalness (“Natiirlichkeit”), rarity (“Gefihrdung/Seltenheit”),
possibility of spatial and temporal replacement (“Ersetzbarkeit/
Wiederherstellbarkeit”) and completeness (“Vollkommenheit”), which
are still used in current planning procedures, for example in the evalu-
ation of habitat types for compensation measures in the federal state
of North Rhine Westphalia (Biedermann et al., 2008) or Bavaria
(Hetzel et al., 2014), Germany. From these regulating intervention
rules, a first draft for a standardized national directive was derived
(BMUB, 2013).

In our assessment approach these criteria will be updated for usabil-
ity of the approach in an urban realm with the concept of ecosystem
processes and functions to adequately reflect recent research lines
(Hansen et al., 2015) and to generate a multidimensional perspective
on urban green spaces. We marry the well-tried, longstanding land-
scape ecological principles and strategies with innovative concepts ad-
dressing functions and services of ecosystems, which is required in
urban research (Breuste et al., 2008). Because the scale is on the level
of single structural elements rather than urban green spaces as a
whole, the assessment will primarily be focused on the evaluation of
certain ecosystem functions, since not all ecosystem services are deriv-
able at this small scale. This refers especially to the cultural ecosystem
services (such as “recreation and mental and physical health” or
“sense of place”, Buchel and Frantzeskaki, 2015), as these refer more
to urban green spaces as a whole than to single elements of those
spaces.

The second gap that was identified refers to the dimensions accord-
ing to which structural elements are assessed. In our approach, we
widen the assessment by integrating microclimatic and social criteria,
relating the different perspectives to each other and discussing the
implications.

The third gap addresses the quality of the structural elements, which
is usually only taken into account in a generic manner. A more detailed
categorization is needed to adequately reflect different instances of the
same element. For a selection of elements the paper will exemplify that
differentiation between natural and artificial instances of the same ele-
ment is meaningful not only from an ecological but also from a microcli-
matic and social perspective.

Therefore, we extend the current site-scale research (gap 1) by
adopting a multidimensional perspective (gap 2) and by integrating
the variability of structural elements (quality of a site, gap 3).

2. Method
2.1. Structure-type classification system

Structural elements of green spaces were classified exclusively
based on structural parameters (three-dimensional arrangement of
physical matter and degree of biotic coverage). For this procedure “hab-
itat structure” by Byrne (2007) was adopted and slightly modified. The
resulting classification represents a system of ecological elementary
vegetation units in an urban realm with a specific combination of char-
acteristics. The elements of the classification system subdivide a green
space into fifteen different structures and enable to capture structural
composition in its entirety (cf. Appendix A, Table A1). This structural
level can easily be used as a basis for investigations in various disciplines
and for diverse research questions (e.g., ecological, climatic, or social).
Due to the general applicability of the system the composition and char-
acteristics of green spaces from different countries and continents can
be assessed and compared in a generalized manner.

In order not to overstrain the cognitive load of the test persons,
which were requested to evaluate the elements from a social perspec-
tive, not all structural elements could be queried. The selection of ele-
ments to be analyzed was guided by focusing on elements with large

numbers of varieties in design and maintenance. Thus, the study was
conducted on the following five different structural elements: (1)
Water elements, (2) lawns, (3) flower beds, (4) hedges and (5) margins.

2.2. Identification of structural elements of urban green spaces in the study
area

Following the approach of Home et al. (2010), study areas (parks
and park elements) which exemplify near-natural and artificial urban
green spaces in a medium sized German city (Aachen, Germany) were
identified.

Park elements used in this study are ecologically and climatological-
ly distinct and they provide an amount of detail which can be recog-
nized not only by experts but also by laypeople. This was important,
as the structural elements were to be evaluated by citizens of the city.

For reasons of comparison, two contrary appearances for each park
element - an “artificial” one and a “near-natural” version - were includ-
ed (Table 1). This procedure takes into account that elements of one
class of structural elements can have different characteristics and social
or aesthetic values considering ecosystem services. It also implies the
hypothesis that social as well as biological and climatic ratings differ de-
pending on the appearance of the element.

2.3. Evaluation of different functions of urban green spaces and their struc-
tural elements

2.3.1. Microclimatic evaluation

Up to now, assessment criteria to evaluate microclimatic functions
are often based on severely simplified assumptions such as those pro-
posed by the guideline for urban land-use planning processes (Kiipfer,
2005). Itis widely used in Germany to evaluate anthropogenic interven-
tion due to construction and building projects on the “legally protected
goods climate and air”. The main focus is on areas of fresh air flow and
cold air drainage. Assessment criteria regarding microclimatic functions
are classified in five levels which mainly differentiate between degrees
of hill slopes. Air quality including pollutant concentration reduction,
as well as human bioclimate, are mentioned within the guideline as
well. However, room is left for interpretation and the guideline lacks
further details concerning the assessment criteria. Our assessment of
urban microclimate functions is essentially based on the main principle
of this guideline, but was refined assessing five partial atmospheric
function categories to evaluate the microclimate functions on a scale
from 1.0-6.0 (very low to very high) summarizing the knowledge of
recent literature. A worst case scenario was defined as a basis of assess-
ment assuming the urban microclimate of an area which is character-
ized by fully sealed soil surface including urban morphology with a
building-height(H)-to-street-width(W) aspect ratio H/W > 1.5 and im-
mediate vicinity to emission sources of air pollutants (oxides of nitrogen
(NOx), aerosol particles) like highly frequented roads or industrial es-
tate. Based on this worst case scenario (score = 1.0), typical structural
elements were assigned with raising partial-scores (1.0-6.0) analogous
to the scale used in the online survey (see Section 2.3.3) regarding im-
proved properties towards idealized impacts on the urban microcli-
mate. The microclimatic evaluation was performed equally for five
partial atmospheric function categories. The influence of the structural
elements (see Section 2.2) on the ambient atmosphere were assessed
concerning: (1) pollutant concentrations such as NOx and airborne par-
ticulate matter (e.g. Helbig and Baumiiller, 1999; Donovan et al., 2005;
Seinfeld and Pandis, 2006; Litschke and Kuttler, 2008; Calfapietra et
al., 2013, Gromke and Blocken, 2015; Janhadll, 2015; Morakinyo and
Lam, 2016a), (2) cold/fresh air emergence and drainage (e.g.
Fernando, 2010; Sachsen et al., 2014), (3) latent heat flux i.e. transpira-
tional cooling (Declet-Barreto et al., 2013), (4) turbulence/flow charac-
teristics of the urban boundary layer (e.g. Oke, 2009; Gromke and
Blocken, 2015) as well as the (5) radiation budget (e.g. Buttstadt and
Schneider, 2014; Larondelle et al., 2014; Janicke et al., 2015). Categories
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Table 1
Structural green space elements chosen for the study.
Structural element Variety Description Picture
Water element Natural Small pond with sediment layer and a sealed, concrete bank
Artificial Sealed fountain
Lawns Natural Meadow with a high degree of coverage, large plant density and diversity
Artificial Trimmed, frequently used artificial lawn with low vegetation cover ratio
Flower bed Natural High plant diversity, potential of spontaneous vegetation within beds
Artificial Lower plant diversity, few types of flowers, densely planted
Hedges Natural High volume of green, dense structure, substantial herbaceous layer
Artificial Lower volume of green, trimmed appearance
Margin Natural Characteristic plant community can be developed due to a low level of grooming
Artificial Clear-cut distinction between lawn and grove with just a small transition area

(2)-(5) are assumed to influence, e.g., the pedestrian thermal comfort
(Shashua-Bar et al., 2011; Maras et al., 2016; Zolch et al., 2016). A best
possible partial score (6.0) was allocated to a structural park element
featuring an optimal positive impact on the urban microclimate for a
given atmospheric function category. Generally speaking, it is impossi-
ble to assign an optimal score of 6.0 to a given structural park element
in all categories at the same time since elements may have opposing
influences on ambient air in different categories. For example, avenue-
trees in a street canyon are assumed to have positive effects on the
thermal comfort (Morakinyo and Lam, 2016b) but appear to have

negative effects e.g. on wind field characteristics preventing dilution of
polluted air (Gromke and Blocken, 2015).

2.3.2. Ecological evaluation

The benchmark for ecological functions of park elements is primarily
based on the normative, numerical evaluation of habitat types for regu-
lating the outline of compensation measures in North Rhine Westphalia
(Biedermann et al., 2008). The ecological indices were calculated in the
same manner and are using the same range as the partial indicators
from the microclimatic evaluation. A theoretical worst case structural
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element was defined for every single index of score 1.0, the best case
was rated with the index score of 6.0. Ecological indices were generated
for the habitat potentials for animals as well as for plants. They are de-
fined as the provision of living space with abiotic and biotic conditions
that support species richness for animals (e.g. birds, invertebrates and
mammals) and vascular plants (indigenous and exotic) on a site.
Worst-case scenarios for these indicators include structures that do
not provide any opportunity to promote or enhance habitat potential,
for example sealed trails of a green space. Best case elements are char-
acterized by a high potential to ensure a stable population for plant
and animal communities, e.g. relatively undisturbed groups of shrubs.
Provisioning of plant pollination (by maintaining plant-pollinator-net-
works) as a crucial key-process in resilient and sustainable ecosystems
(Bolund and Hunhammar, 1999) is considered as an additional indica-
tor in the ecological assessment. The maintenance of pollination is also
directly linked to species richness of plants and pollinators, to fruit
and crop production (Jansson and Polasky, 2010) and, in this way to
economic and social perspectives. A best case pollination score can be
achieved by structural elements with a high amount and diversity of in-
sect pollinating plants which supports the biocoenosis of flower visitors
(Wastian et al,, 2016).

With the fourth ecological indicator the ecological integrity of the re-
spective park element is valued. This index addresses the ability of a
structural element to maintain its structures and functions (Jenssen et
al., 2003). Self-organization, functionality and conformity of abiotic
and biotic properties with the natural potential of the respective ele-
ment are crucial characteristics of the intended ecological integrity. Un-
disturbed groves of the so-called “urban wilderness” were rated as best
case elements of ecological integrity.

Assigned indicator values for climatic and ecological properties of
structural park elements considering the above mentioned functions
are presented in Table 2 of Section 3.1.

2.3.3. Social perceptions and preferences - logic of empirical procedure

In order to assess the perceptions of and preferences for elements of
urban green spaces from a social perspective, an empirical study was
designed. Ratings for the social desirability of particular park elements
cannot and should not be derived from literature or expert judgement
but should rather be based on actual citizens' evaluations. In the survey,
city residents were shown pictures of different structural elements,
each in one natural and one artificial instance, which they had to rate
on different dimensions. Two of them will be considered for the index
in this study: perceived beauty (“The element shown is beautiful”,
agreement measured on a six point Likert-scale from 1.0 = not at all
to 6.0 = very) and desired frequency of the element in urban green
spaces (“How often should this element be present in urban green
spaces?”, measured on a scale from 1.0 = much less frequent to 6.0
= much more frequent). The focus on aesthetics (as a social function)
in this context aims to add to the discussion about the interplay

between an aesthetic experience of nature and its ecological value
(Gobster et al., 2007), while the desired frequency was chosen as a
way of a direct recommendation for planners of urban green spaces
how to prioritize elements of urban green spaces.

Participants were invited via email and social networks to take part
in the study. The participants were citizens of Aachen to ensure that
even if they did not know the parks, they would rely on a common
frame of reference. A total of 235 participants agreed to take part.
After exclusion of incompletely filled in questionnaires, N = 184
remained for statistical analysis. A repeated measurements design was
chosen, for which a Wilcoxon signed rank test was used for the compar-
ison of evaluations of artificial and near-natural elements. The signifi-
cance level was set to 5%. In addition to the questions on the
structural elements, participants were asked for their concepts of natu-
ralness and artificiality (“What does naturalness in an urban context
mean to you, and according to which criteria did you evaluate an ele-
ment as natural or artificial?”), in order to explore whether a distinction
between natural and artificial elements is justified from a social
perspective.

2.3.3.1. Sample. The mean age of the participating citizens was 31.6 (SD
= 10.4, age range from 18 to 67 years), 47.8% were male, 52.2% female.
The overall educational level was high, with 25.5% holding a qualifica-
tion for university entrance and 63.6% a university degree. 35 partici-
pants (19%) worked or had studied in the fields of biology, ecology,
environmental science, landscape conservation, landscape architecture
or climatology. 22.3% had a garden of their own, 21.7% used a communi-
ty garden, 5.4% took part in urban gardening and 56.0% had no garden
(multiple answers possible). Concerning the place of residence, 76.6%
lived in the city center, 19.6% in the outskirts of the city and 3.8% on
the countryside. On average, participants had been living in Aachen
for 13.7 years (SD = 13.3, range: from 0 to 57 years). 0.5% of the sample
reported to visit public parks more than once a day, 9.8% daily, 33.2%
weekly, 37.0% monthly and 19.6% less than once a month.

3. Results

The results section will first present the evaluations of structural el-
ements from the ecological, microclimate and social perspective,
followed by results of the question how and if the citizens differentiated
between natural and artificial elements of urban green spaces.

3.1. Evaluation of structural elements

The selected structural elements were evaluated according to the
procedure described in Section 2.3, while considering ecological, micro-
climatic and social criteria. Results are presented in Table 2.

Table 2
Assigned indicator values for ecological, climatic and social properties of structural park elements in consideration of the quality (nat. = natural; art. = artificial) of the respective element.
Ecology Microclimate Social
(expert judgement, max: 6.0) (expert judgement, max: 6.0) (citizen perception,
max: 6.0)
Structural Element Ecological Habitat Habitat Pollination Concentration Cool air  Evapo- Turbulence Radiation Beauty Desired
element quality integrity animals  plants reduction (NO,/PM) transpiration budget frequency
Flower bed Nat. 4.0 4.0 4.5 6.0 3.0 3.0 35 25 1.0 4.7 4.8
Art. 1.0 1.5 1.0 5.0 25 2.0 25 1.5 1.0 3.8 39
Hedge Nat. 3.5 5.0 45 35 4.5 3.0 4.5 4.0 3.0 4.4 4.8
Art. 2.0 2.0 1.5 25 4.0 2.0 4.0 4.0 2.0 3.1 3.5
Lawn Nat. 3.0 35 4.5 4.5 25 5.0 35 2.0 1.0 4.5 4.6
Art. 15 15 1.0 2.0 2.5 5.0 3.0 2.0 1.0 2.8 35
Margin Nat. 5.0 4.5 5.0 4.5 4.5 3.0 4.5 4.0 4.0 4.5 4.9
Art. 25 25 25 3.0 4.5 3.0 4.5 4.0 4.0 3.8 4.6
Water element  Nat. 2.5 35 3.5 1.0 1.0 15 5.0 1.0 1.0 3.9 4.8
Art. 1.0 1.0 1.0 1.0 1.0 1.5 3.5 1.5 1.0 3.5 33
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In Table 3, the distribution of indicator values of every single disci-
pline (ecology, climatology, perception) is illustrated by unweighted
means and extrema of the related indicator values.

The ecological assessment reveals that there were significant differ-
ences in the design of structural elements for nearly every considered
structure and ecological criterion (except the contribution of water ele-
ments to the pollination performance of parks and cities). The biggest
differences between the artificial and natural design of a respective ele-
ment can be detected for the habitat potential for plants in lawns and
flowerbeds (indicator value of M = 1.0 for artificial and M = 4.5 for nat-
ural design in each case). Also, the highest overall mean difference be-
tween artificial and natural element-quality of all ecological criteria
can be found in these two structural elements (difference = 2.4-2.5
points). From an ecological point of view, an ideal structural setup for
an urban green space in compact cities should include natural types of
all structural elements, with particular consideration of the appearance
of margins as transition zones between elements, arising due to a low
level of maintenance. These structures support a variety of ecological
properties (Table 2).

The creation of natural flower beds will improve the plant-pollinator
network of a site and, thereby, increase the pollination performance and
the habitat potential for both insect-pollinated plants and pollinators.
Hedges and lawns designed with a high level of naturalness will imply
a high amount of green volume and dead wood, which is directly linked
to a habitat for animals, such as birds, small vertebrates, insects and the
soil arthropod community. Furthermore, the diversity of spontaneous
vegetation will increase by including these compartments.

Compared to the ecological estimation, the assessment of microcli-
matic characteristics of the park elements only shows minor differences
between natural elements and their artificial counterpart. Only the
flower beds and hedges - with a mean difference of 0.6 and 0.7 between
their artificial and natural condition - show noteworthy differences,
even though they are still smaller than the differences of the ecological
estimation for every structural element (Table 3).

From a citizen perspective, it can first of all be deduced that artificial
and natural varieties of the elements are perceived significantly differ-
ent from each other with regard to both perceived beauty and desired
frequency (for Wilcoxon Signed rank tests see Appendix Table A3).

The most “beautiful” element was the natural flower bed (M = 4.7
out of 6 points max). The artificial lawn (M = 2.8/6 points max) re-
ceived the lowest rating for “beauty” relative to the other elements.
However, these ratings were still close to midpoint of the scale (3.5
points), so even the least liked elements in terms of beauty were still
perceived as fairly beautiful. The desired frequency of all elements, nat-
ural and artificial, was close to the midpoint of the scale or above it,
which indicates a general wish for more green elements in the city,
and that any type of green area is appreciated. The most frequently de-
sired element was the natural margin (M = 4.9/6 points max) while the
artificial water element was the least frequently desired element (M =
3.3/6 points max). The largest difference in perceived beauty between a

Table 3
Unweighted means, minimum and maximum of the indicator values for ecological, clima-
tological and social (perception) assessment.

Structural Quality  Ecology mean Microclimate Perception
element (min/max) mean (min/max) mean (min/max)
Flower bed Natural 4.6 (4.0/6.0) 2.6 (1.0/3.5) 4.8 (4.7/4.8)
Artificial 2.1 (1.0/5.0)  1.9(1.0/2.5) 3.9 (3.8/3.9)
Hedge Natural 4.1 (3.5/5.0) 3.8 (3.0/4.5) 4.6 (4.4/4.8)
Artificial 2.0 (1.5/2.5) 3.2 (2.0/4.0) 33(3.1/3.5)
Lawn Natural  3.9(3.0/4.5) 2.8 (1.0/5.0) 4.6 (4.5/4.6)
Artificial 1.5 (1.0/2.0) 2.7 (1.0/5.0) 3.2 (2.8/3.5)
Margin Natural 4.8 (45/5.0) 4.0 (3.0/4.5) 4.7 (4.5/4.9)
Artificial 2.6 (2.5/3.0) 4.0 (3.0/4.5) 4.2 (3.8/4.6)
Water element Natural 2.6 (1.0/3.5) 1.9 (1.0/5.0) 44(3.9/4.8)
Artificial 1.0 (1.0/1.0) 1.7 (1.0/3.5) 3.4 (3.3/3.5)

natural and an artificial variety occurred for the element “lawn” (differ-
ence = 1.7 points, z = —9.779, p £ 0.01), while the hedge was the ele-
ment for which desired frequency differed most between the two
varieties (difference = 1.3 points, z = —7.681, p < 0.01).

Perceived beauty did not decline linearly with decreasing ecological
and climatic value, so artificial elements should not be dismissed be-
cause of a low ecological value, as they were shown to have aesthetic
value from a social point of view. Apparently, preferences reflect a mix-
ture between ecological and climatic valuable elements as well as “dec-
orative” elements.

The summary in Table 3 illustrates that the valuation of elements
might lead to a wide dispersion of indicator values (>2.5), even within
a specific discipline. This is particularly evident for the ecological per-
spective of artificial flower beds and for the microclimatic assessment
of lawns and water elements. In addition to that, major differences
can also be found between the artificial and natural realization for
every element, especially in the ecological assessment.

Two elements presented especially interesting cases and will there-
fore be discussed in more detail in the following paragraphs. This con-
cerns first of all lawns, because lawns usually cover the largest area in
urban green spaces and the evaluations according to the different di-
mensions were especially diverse. As an opposing example, the element
“hedge” will be analyzed in more depth, as this is an element for which
the evaluation was more balanced across the three dimensions.

3.1.1. Mismatch of perspectives - example lawn

From a social perspective, especially the difference in perceived
beauty between the natural and the artificial variety is noteworthy.
The artificial lawn is clearly perceived as much less beautiful and is
also less frequently wanted than the natural lawn. In spite of the artifi-
cial lawn's low ecological potential, it is however still appreciated by the
laypeople-citizens (desired frequency = 3.5/6 points max, Fig. 1).

It is striking that although from an ecological point of view, the nat-
ural and artificial lawns differ to a great extent, this is less true from the
microclimatic perspective: evaluations reveal differences only for the
evapotranspiration performance of different lawns.

The lawn also exemplifies a case that shows that ecological and mi-
croclimatic functions do not necessarily depend on each other and not
even all microclimatic functions: while the shadowing function of the
artificial and natural lawn is rated at 1.0, its function to “cool air” is
rated much higher at 5.0.

Especially the natural lawn thus presents an element of urban green
spaces that provides a high amount of ecological and social functions
but fails to fulfill important city climate functions (e.g., concentration re-
duction of pollutants or change of the radiation budget as a result of
shadowing).

3.1.2. Consensus of perspectives - example hedge

For the element “hedge”, evaluations of artificial and natural variety
were more balanced between the different dimensions (Fig. 2). While
for “lawn” evaluations ranged from 1.0 to 5.0 within the natural and
the artificial element for hedge, evaluations ranged from 1.5 to 4.0 for
the artificial and from 3.0 to 5.0 for the natural variety.

From a social point of view, the natural hedge was perceived as more
beautiful and was desired more frequently than its artificial counterpart.
It is noteworthy that the artificial hedge was not perceived as beautiful
(M = 3.1, thus below the midpoint of the scale).

The hedge received the highest ratings in its natural variety for “hab-
itat for animals” (5.0/6 points max) and “desired frequency” (4.8/6
points max). Especially from an ecological point of view, the design
and maintenance of hedges can have a major influence on functions
and processes. A well-developed hedge provides habitat and refuge
area for a number of animals (M = 5.0/6 points max), such as birds
and the terrestrial biocoenosis among others. In addition, a colonization
of a spontaneous plant community in the herb and shrub layer is sup-
ported by natural hedges (M = 4.5/6 points max). These ecological
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Fig. 1. Evaluation of the element “lawn”.

functions of the element are not sufficiently supported by artificial,
trimmed hedges, which are frequently realized in an urban environ-
ment. The difference between ecological valuation and citizen percep-
tion of artificial hedges are clearly stated in the evaluation of hedges.

3.2. Concepts of naturalness and artificiality by citizens

It was of interest for the indicator being developed whether a differ-
entiation between natural and artificial elements of urban green spaces

would be valid from a citizen perspective in order to match expert-cat-
egorizations with the perceptions and realities of the residents of the
city.

This was operationalized in two different ways in the questionnaire.
Firstly, by providing an artificial and a natural variety of each element to
derive from the results if people had differentiated opinion on natural
and artificial instances of the same element. Secondly, at the end of
the questionnaire, participants were asked for their concepts of natural-
ness and artificiality in the context of urban green areas. They were

6.0
m natural hedge artificial hedge

5.0
4.0 -
3.0
1.0

ecological habitat habltat plants | pollination concentratlon cool air hadowing beauty desired

integrity animals reduction (bioclimate) frequency

(NOx / PM)
ecology (expert judgement, max: 6.0) climate (expert judgement, max: 6.0) social (citizen perception,
max: 6.0)

Fig. 2. Evaluation of the element “hedge”.
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asked what naturalness in an urban context meant to them and how
they distinguished between natural and artificial types of elements. A
text field was provided in which participants could enter their com-
ments. Figs. 3 and 4 show the results of the question by means of an
analysis of the most frequently mentioned terms in the answers. Fre-
quencies of mentions were depicted in word clouds in terms of font
size (the larger the font size, the more frequently the term was
mentioned).

Looking at the notes of the participants, it becomes clear that natu-
ralness and artificiality appear in different ways to the participants. Par-
ticipants referred to the plants themselves, such as their look, age, and
arrangement (“tidy”, “straight”, “geometric” vs. “pristine”, “untouched”)
as well as their origin (“domestic”) and growth (“proliferating”). Many
comments also referred to diversity and different species of plants
(“weeds”), which were seen as signs for a natural green area as opposed
to “monocultures” in artificial parks.

The overall design of the park was also frequently used as a criterion
to judge the naturalness. Participants mentioned certain materials they
associated with artificiality (“concrete”) but also took into account the
required effort for maintaining the park (“mowing”, “cutting”) and the
overall human intervention (as opposed to “letting nature have its
way”).

Overall, comments showed a detailed idea about what is natural and
what is artificial to participants. In the light of the idea that complete “wil-
derness” in cities is not achievable, participants elaborated on the concept
of naturalness in urban areas and indicated a very differentiated view on
naturalness and how much naturalness is possible in urban areas. To il-
lustrate participants' views, some sample quotes reflecting on the con-
trast between an urban environment and nature are presented below:

“For me, naturalness in an urban context does not mean totally un-
controlled growth. Aesthetic human intervention should be visible,
but subtle.”

[(Male, 40 years)]
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“Even if grass does not really grow there - the park is well designed.
Flowerbeds in the streets are artificial, but still beautiful!”
[(Female, 55 years)]

“Even natural parks need thoughtful planning.”
[(Female, 43 years)]

“A city should have different types of park, or differently designed
areas in one park.”
[(Female, 43 years)]

“A park in the city center does not have to be natural in an ecological
sense of the word (...) The role of a park in the city center, to me, is to
provide recreation, a social meeting point and a better climate for
the people.”

[(Female, 47 years)]

From a planning perspective, it became clear that artificiality does
not mean that those elements are not appreciated. Quite the contrary,
participants are aware that complete “wilderness” is not possible in an
urban environment. Instead, they advocated a design that is close to
natural appearance but is being cared for. They also found that a variety
of parks with different functions (and thus different degrees of artifici-
ality and naturalness) should be present within a city and that not all
parks need to fulfill all functions.

4. Discussion
Designing urban green spaces to meet the demands of an integrative
view on different scales is a challenging task. The efficient use of free

space must balance ecological, social and microclimatic objectives in a
trade-off acceptable to all parties involved. This inevitably leads to a
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Fig. 3. Associations of participants (n = 184) with naturalness (the larger the font, the more frequently a term was mentioned).
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Fig. 4. Associations of participants (n = 184) with artificiality (the larger the font, the more frequently a term was mentioned).

multifunctional design of green spaces which is of particular relevance
for the concept of compact green cities. In this study, an indicator-
based assessment for structural elements of urban green spaces was de-
veloped on the basis of a multidimensional perspective, in order to sup-
port a systemic solution for the assessment of urban green spaces to
promote compact green cities.

Results of the performed survey on the attractiveness of structural
park elements clearly show some major differences in comparison to
their ecological and climatic valuation. Also with regard to the respec-
tive quality (natural/artificial) of the single elements, differences were
found for every discipline. This indicates the high potential of a multidi-
mensional assessment of green spaces on a scale of structural park ele-
ments and with respect to the given variability of the condition of all
elements. Therefore, an assessment based on a site-scale needs to be
adopted to adequately evaluate and compare the contribution of
green spaces to the overall provisioning of ecosystem functions and ser-
vices of cities. By taking into account these principles, the identified gaps
(cf. Section 1.1) in the assessment of urban green spaces can be ad-
dressed. Nevertheless, the indicator set only contains initial theoretical
foundations towards a multidimensional, specific and holistic planning
guideline for urban green spaces.

4.1. Discussion of key findings

It was revealed that the assessments of the structural elements var-
ied to a great extent for some elements. For example, the near-natural
water element, which was socially highly appreciated, received a rather
low evaluation for its biodiversity and an even lower score for its micro-
climatic functions. This shows that assessing structural elements of
parks from only one point of view misses many other facets and sup-
ports the thesis that a multidimensional assessment approach to sup-
port planning procedures is needed (Luederitz et al., 2015).

Overall, the multidimensional perspective on urban green spaces is
useful to cover the multiple functions of structural elements for urban
parks and to assess them in an integrative way to ensure that different
requirements (decorative functions, support of healthy urban climates
etc.) are fulfilled. By the example of the natural lawn, it was shown
that one element can fulfill some ecosystem service functions very
well, while contributing to a much lesser extent to others.

The two functions “ecology” and “climatology” do not necessarily
depend on each other. There were examples where an element received

a high ecological and a high climatic rating, which leads to synergies be-
tween the ecosystem services from different disciplines (mostly the
near-natural instances such as the near-natural hedge or the near-natu-
ral flowerbed). But there were also instances receiving low ecological
but high climatic ratings (mostly artificial instances, i.e. the artificial
lawn or hedge), exemplifying instances of trade-offs between different
functions (Haase et al., 2012). The new metrics can thus help to detect
which ecosystem functions are not properly, or only to a lesser degree,
covered by certain structural elements. A consequence for planners of
urban green spaces could be that other elements in the same urban
green space should be chosen with a special focus on microclimatic
functions which also can be identified using the set of indicators.

Bonnes et al. (2007) argue that there is a contradiction between so-
cial and ecological preferences for the design of urban green spaces:
while many citizens feel more comfortable and safe when the greenery
is trimmed and cultivated, the “wild” green spaces are highly appreciat-
ed by ecologists to maintain biodiversity. The study presented here,
however, found that “wilderness” or “naturalness” was appreciated, as
these elements were preferred over artificial elements. In opposition
also to Hofmann et al. (2012), we found that natural elements were per-
ceived as more beautiful and wished for more often than their artificial
counterparts. The difference could be due to different reference points:
In the study by Herzog and Miller (1998), as cited in Bonnes et al.
(2007), entire landscapes or scenes were shown to the participants,
whereas in this study, single elements had to be rated. Potentially,
parks as a whole with differences in artificiality and naturalness
would be evaluated differently than the single elements which consti-
tute the park. It is also possible that the high share of participants with
a background in ecology and biology led to this result. The preference
for natural park elements by the public is a possible source of conflict
in cases where naturalness is not achievable due to the function of the
park, for example in highly frequented parks in the city center. This,
once more, highlights the necessity of communication between the
public and urban planners to avoid disappointments or even worse, pro-
tests among the public with the final design.

Overall, the wish for more “green” in the city was clearly voiced by
the participants independent of artificial or natural quality of the
elements. This outcome is, nevertheless, in line with Bonnes et al.
(2007), who found that availability of urban green areas is more impor-
tant than biodiversity. In our study, especially the more natural variety
of structural elements was preferred. This is in opposition to the
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representative function of urban green spaces in central parts of the city,
which are frequently visited. Thus, it has to be distinguished if a park is
visited for its recreational value and to experience “wild nature” or if it is
used as a place for socializing in a central location, as these functions re-
quire different types of structural elements: While, e.g., the near-natural
lawn would not survive in the location of a highly frequented green
space in the city center, the trimmed lawn may not be appreciated as
much but fulfills its function according to the requirements of the re-
spective context.

It should thus be considered that not every type of structural ele-
ment is suitable for every urban green space. Borgstrém et al. (2006)
thus suggest “zoning” as a solution to this dilemma:

“A possible strategy for handling this ‘multipurpose dilemma’
that is explicit in the urban context, may be zoning of urban green
spaces, where different purposes are prioritized in different
locations.”(Borgstréom et al., 2006: 16)

This approach is further supported by the comments of the citizens
who were well aware that frequently visited parks in the city center
cannot be “natural” in a way a more decentralized, quiet park can be.

Furthermore, regarding the preferences for natural or artificial in-
stances, it needs to be considered that the data did not allow insights
into the reasoning behind participants' choices. Findings by Jim and
Chen (2006) for example suggest that there is a relation between plants
which are non-regularly maintained and perceived security, an aspect
which was not addressed in this study as a possible downside of a
more naturalistic park design.

In this paper, it was hypothesized that a differentiation between nat-
ural and artificial elements is needed to adequately cover their different
properties. Results from the ecological, microclimatic and social per-
spective show that indeed, structural elements differ with regard to
their functions depending on whether a near-natural or an artificial,
trimmed variety is considered. From this, it follows that it is not only im-
portant which elements are chosen for urban green spaces but also how
they are implemented. In addition, it supports the thesis that an assess-
ment of urban green spaces and their structural elements has to consid-
er the specific design and quality of the element. Even if the generation
of indicators always implies a reduction of complexity, our results clear-
ly underline the importance of considering the actual design of the
regarded structures (which is of similar relevance as the consideration
of various functions and services).

From a microclimatic point of view, artificial and near-natural ele-
ments differed to a lesser extent. Future research will have to determine
which elements have a significant effect on climate and how they
should be designed to achieve this effect. It would be of interest to de-
termine if differences between the elements on the level of
microclimatology are also reflected, e.g., in the social evaluation.

With regard to the social evaluation of natural and artificial varieties
of the same element, it was found that even for laypeople, the distinc-
tion between natural and artificial varieties of the same elements is
meaningful, as significant differences in the evaluations were found.
Furthermore, laypeople were shown to have a differentiated under-
standing of naturalness in an urban context.

4.2. Structure-type classification system: basis of a multidimensional and
multi-scale green space assessment

The applied spatial scale level of differentiating between structural
elements within green spaces allows for a consistent assessment of
park structures by various disciplines (multidimensional approach). In
addition, the dispersion in the valuation of different functions provided
by the structural elements within the disciplines clearly indicates that a
differentiated evaluation is needed for an appropriate assessment of
green spaces. As a result, the approach enables a rating and substantial
comparison of the quality of different sites (as a composition of park

elements and their combined indices) and not only addresses the num-
ber and size of planted area in cities, which is common in former man-
agement proceedings for urban green spaces and has frequently been
criticized (Pauleit, 2003; Baycan-Levent and Nijkamp, 2009). This bot-
tom-up assessment of urban green spaces can be used to evaluate
green areas on different scales from site- to city-level and even between
cities and regions (multi-scale approach). This approach, however, re-
quires the survey of all structural elements of the respective sites. The
fact that the structure-type classification system is exclusively based
on structural parameters (length, width, height and coverage of the sur-
face) in turn encourages the automatic categorization of park structures
by using remote-sensing techniques and data. When extrapolating from
a site-scale assessment to other spatial scale levels, it is of particular im-
portance to consider the quality (artificial/natural) of the respective
elements.

Nevertheless, a normative evaluation of single parks and their struc-
tural park elements may also lack an integration of site-specific condi-
tions, such as cultural, demographic and physical properties but also
the connectivity of green spaces within an urban realm. Therefore, we
consider implementing the multidimensional assessment into a more
generic approach. The site-specific conditions of a park can be used to
define the most important functions of the green space and to adjust
the indicator values of the approach by using weighting factors for
each criterion.

4.3. From an assessment to a planning tool for compact green cities

The assessment of structural elements from an ecological, climatic
and social perspective has shown that mismatches between the per-
spectives exist (as exemplified for the structural element “lawn”). Our
study served as a first approach to make these mismatches visible and
in this way, opens a discussion about possible conflicts, using indicators
as “tools which open up dialogue, information sharing, learning and
consensus-building across different policy boundaries: between experts
and non-experts, formal government and different nongovernment ac-
tors, higher-order governments and lower-order governments.”
(Holden, 2013).

What has been used as a metric for an assessment of urban green
spaces can also be integrated into a design and planning tool for urban
green spaces, which can provide guidelines on specific elements and
their multiple functions. This way, the assessment tool could answer
the call for an interdisciplinary planning approach (James et al., 2009).

Regarding the mismatches in the evaluation of structural elements
discussed above, a comparative discourse about the importance of sin-
gle ecosystem services in parks with different site conditions is desper-
ately needed (Wilson and Howarth, 2002). It has to be discussed how
the different functions (ecological, climatic, social) can be weighed
against each other, especially in cases with mismatching perspectives
(like the “lawn”). This inevitably leads to a weighing up of tradeoffs,
as the evaluation of functions shows. The practical application of the in-
dicator set will need to show solutions to these situations of mismatch
and how they can be dealt with in practice. It has to be defined under
which circumstances a certain perspective is given priority over the
others, for example if cut-off values for ecological services could be de-
fined that need to be fulfilled before the social dimension can be taken
into account. Moreover, the development of compact green cities
should also include a consensus about a minimum set of ecological
and climatic structures and structural elements to enhance sustainabil-
ity of these urban landscapes. Compared to the dynamics of the more
adaptive social indicators of citizen perception towards green spaces
(e.g. depending on the recent zeitgeist), a threshold for the ecological
and climatic quality should be defined. These thresholds can be consid-
ered within a multidimensional assessment approach.

The added value of this approach can be seen on different levels.
Today, many communes and cities are confronted with transformation
challenges caused by urbanization processes in line with demographic
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changes. City planners and local stakeholders have to meet different
requirements which evolve from the urgent need to create long-last-
ing and sustainable living environments for dwellers and to make re-
sponsible decisions. The metrics which was introduced in this paper
can support this process by classifying, describing and assessing
urban green spaces from different point of views. It is not only a visu-
alization instrument for experts, but also a communication tool, as it
allows different stakeholders to discuss the impact of different as-
sessments and to make informed decisions. Moreover, the metrics
can also be used as a public participation instrument. Based on the
interdisciplinary assessment of urban green spaces (and single ele-
ments), public can be informed and included in the discourse about
design and function of urban green spaces. Different perspectives
and arguments can be openly discussed and individually tailored to
the specific situation and demographics, representing a novel and in-
formed kind of citizen participation. Extending the indicator set by
more structural elements and disciplines (e.g. economy based view
on ecosystem service proxies) will further contribute to the develop-
ment of a systemic solution.

4.4. Methodological strength, limitations and future challenges

While the empirical investigation deliberately focused on an ex-
ploratory study of collecting people's evaluations of park elements
in a city they are living in, using empirical methods, it should still
be discussed in how far the methodology might have some potential
for optimization. In the survey, we used photographs to let partici-
pants rate structural elements on different dimensions to assure
comparability between the assessments. However, the photographs
showed the structural elements in their natural surroundings,
which could have influenced the evaluation of some participants.
Hofmann et al. (2012) addresses the problem of using photographs
to assess biodiversity, as they did not find differences between ex-
perts and laypeople assessing species richness and attributed this
to the lack of details visible in the photographs. However, they also
point out that by using photographs instead of an in-situ survey
leads to comparable results (for overview see Hofmann et al.,
2012). In our study, photographs proved to be an adequate tool to
find differences in assessing perceived beauty and desired frequency
of structural elements. Employing a variety of methods, e.g. the “Vir-
tual Garden Planner” proposed by Shwartz et al. (2013), would pro-
vide the opportunity to verify the results gained in this study, e.g. to
explore the underlying concepts of naturalness and artificiality. Be-
sides, isolating the elements from their natural surroundings could
provide the opportunity to study the single elements independent
of their context and come to a conclusion in how far the background
influenced the results.

In addition, other factors, such as e.g. perceived maintenance efforts
required or contribution to wellbeing could be worth investigating in
future studies.

A further limitation concerns the characteristics of the sample. It
contained a large share of highly educated participants with high eco-
logical awareness. This should be considered in the interpretation of re-
sults. The preference for natural rather than artificial elements, for
example, could be a result of the high share of ecologically educated par-
ticipants (Jankovska et al., 2010). However, this does not limit the
validity of the approach and the development of an integrated indi-
cator set. This approach provided the opportunity to identify possi-
ble challenges and opportunities of the indicator set, some of
which are independent of the specific empirical data collected from
citizens. Therefore, the sample is considered useful for the indicator
setin this stage of the development of the metrics. Nevertheless, rep-
resentativeness of the sample is a research duty that should be ad-
dressed in future studies.

Another interesting research question is the impact of user diversity
on the evaluation of the structure and the design of urban green spaces.

The impact of age, gender and culture could be insightful as the role and
the context of using or visiting urban green spaces is influenced by age
(and the experience with visiting urban green spaces, Thompson et al.,
2008), cultural differences (Ozgiiner, 2011), as well as gender and
pro-environmental attitudes (Bonnes et al., 2007; Jim and Shan,
2013). As the social value of urban green spaces thus depends on user
diversity, a closer look into individual differences in evaluating single el-
ements of urban green spaces could merit attention in future research.
In addition, it would be insightful to compare urban green space assess-
ment across different geographic areas (as dependent variables), as it is
likely that perception of green spaces is influenced by the cultural con-
text (Todorova et al., 2004; Sanesi and Chiarello, 2006; Shackleton and
Blair, 2013).

As we only evaluated a selection of five out of fifteen different ele-
ments, the approach needs to be extended by a valuation of other ele-
ments, especially trees and groves have not been considered so far.
Although tree species have been shown to contribute differently to eco-
system functions (ecological and microclimatic) (O'Sullivan et al.,
2017), a differentiation of natural and artificial plants based on species
only (exotic vs. indigenous) has been shown to be difficult for layper-
sons (Lindemann-Matthies, 2016).

Also the choice of valued criteria is not limited to the presented func-
tions and services, additional indicators or disciplines (e.g. economic
considerations, Barbier, 2007) can be included throughout the ap-
proach. By evaluating the single structural elements, also hydrological
effects (water retention capacity, water purification, transportation
and groundwater recharge) of sustainable green space planning can
be considered. Nevertheless, the quality of all these functions and ser-
vices provided by structural elements are subject of ongoing scientific
discussions (e.g. Janhdll, 2015). For this reason, the conducted numeri-
cal valuation in this study is not regarded as indisputable since they
can be assessed differently, even if the judgement of experts was con-
ducted thoroughly and by taking into account various literature and
evaluation guidelines. Therefore, the presented outcome of our research
should be recognized as the elaboration of an overall methodical con-
cept with close consideration on benefits and challenges of the multidi-
mensional perspective.

5. Conclusion

In this paper we introduced a novel approach to assess urban
green spaces: a methodology in which urban green spaces are
assessed quantitatively from three different perspectives using an
integrative approach. Taking single elements of green spaces as ex-
amples, e.g. lawns or hedges, the metrics reflects an assessment
from all perspectives. The underlying idea of the joint approach
was to treat all perspectives as equally important and to combine
them within one frame of references in order to make different as-
sessment results visible. Accordingly, the study revealed that social
perception and functions of structural elements sometimes contra-
dict each other (e.g. high aesthetic, but low ecological function). So,
it is all the more important to choose structural elements not only
based on a single criterion when designing urban green spaces. It be-
came evident that no structural element is valuable or superfluous
per se, but that every element is justified from a specific perspective,
be it aesthetic, ecological or climatic in nature. To consider all func-
tions of urban green spaces novel integrative approaches (such as
the multidimensional index presented in this paper) are needed as
planning tools that exceed conventional urban planning approaches.
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Appendix A Table A2 (continued)
Discipline Underlying Assessment criteria  Additional literature
numerical considered

Table A1 evaluation
List of structural elements in urban green spaces and their explanation. guideline

Code Structure type  Criteria Example 2014; Janicke et al., 2015

1 Class: areas mostly or fully free of vegetation

1.1 Water element Water surface Pond, fountain Table A3

1.2 Widely sealed  Very low potential of plant

colonization

Asphalt, paving
stone, gravelled and
compacted trails
Compost heap,

1.3 Unsealed Elevated potential of plant

colonization mulched paths
2 Class: primarily grassland
2.1 Low Average height (h) <0,15 m Lawn, roof greening
2.2 Medium-rise 0,15m<h<04m Meadow, high lawn
2.3 High h>04m High meadow, fallow

land, tall forb field
Linear, at least twice as long as their Nitrophilous margin
width, h > 0,15 m, boundary area
between structures
3 Class: primarily shrubs
3.1 Single shrubs

24 Structure
type-margins

Single syringe, single

hazel
3.2 Group of shrubs Several individuals, not elongated
in one direction
3.3 Hedge Linear, at least twice as long as Cutted hedge of
their width, compact Crataegus ssp.
4 Class: primarily trees
4.1 Single trees freestanding tree > 5 m, no shrub
layer
4.2 Group of trees  Cover ratio (herb layer) <0,25; no Group of
shrub layer close-standing

hornbeam
4.3 Grove Significant tree contingent, dense
shrub layer, not elongated in one
direction
5 Class: Sharply separated, designed by
vegetable/flower gardener
beds
5.1 Vegetable patch Species composition Vegetable bed
5.2 Flower Species composition Flower bed,
bed/decoration structuring elements
bed
Table A2

Criteria of the conducted expert assessment, underlying evaluation guideline and addi-
tional literature considered.

Discipline Underlying Assessment criteria  Additional literature
numerical considered
evaluation
guideline

Ecology Biedermann  Ecological integrity Ludwig and Meinig, 1991;
et al., 2008; Jenssen et al., 2003; Hetzel
BMUB, 2013 et al, 2014; Grunewald and

Bastian, 2015
Farinha-Marques et al.,
2011; Nielsen et al., 2014;

Habitat animals

Habitat plants Farinha-Marques et al.,
2011; Nielsen et al., 2014;

Pollination Wastian et al., 2016

Microclimate Kiipfer, 2005  Concentration Helbig and Baumiiller, 1999;

reduction Donovan et al., 2005;

(NOy/PM) Seinfeld and Pandis, 2006;
Litschke and Kuttler, 2008;
Calfapietra et al., 2013,
Gromke and Blocken, 2015;
Janhadll, 2015; Morakinyo
and Lam, 2016a

Cool air Fernando, 2010; Sachsen et

al, 2014
Evapo-transpiration Declet-Barreto et al., 2013

Turbulence Oke, 2009; Gromke and
Blocken, 2015
Radiation budget Buttstadt and Schneider,

2014; Larondelle et al.,

Wilcoxon Signed rank test for repeated measures for the evaluations between artificial
and natural varieties of structural elements.

Structural element Variable z Sign. (p)
Water element ...Is beautiful —3.697 <0.01
desired frequency —9.468 <0.01
Margin ...is beautiful —6.089 <0.01
desired frequency —3.763 <0.01
Lawn ...Is beautiful —9.779 <0.01
desired frequency —7.525 <0.01
Flowerbed ...is beautiful —6.491 <0.01
desired frequency —6.678 <0.01
Hedge ...is beautiful —7.147 <0.01
desired frequency —7.681 <0.01
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